The objectives of this study were to determine the effects of season, year of calving and parity on lactation period, calving interval, number of days open and dry period in Egyptian buffalo, and to estimate genetic and phenotypic parameters for these traits using a multi-trait animal model. Season of calving, year of calving and parity affected the traits studied. Heritability estimates for lactation period, calving interval, dry period and number of days open were 0.09, 0.07, 0.13 and 0.08 respectively and repeatability estimates were 0.27, 0.14, 0.27 and 0.19 respectively. Estimates of the permanent environmental component (c 2 ) were low. Genetic correlations between these traits were low and positive, except for that between lactation period and dry period, which was negative. A similar pattern was observed for phenotypic correlations, but these were higher than those observed for genetic correlations.
Introduction
Short lactation periods, long calving intervals, long dry periods and a large number of days open are characteristics typical of buffalo cows. These traits have low heritabilities, and means are associated with a large degree of variation due to numerous environmental factors (Mourad, et al., 1989; Parakash, et al., 1989; Khalil, et al., 1991; Afifi, et al., 1992; Ibrahim, 1998; Khan & Akhtar, 1998; Penchev, 1998; Suhail, et al., 1998; Tiwana & Dhillon, 1998; Vasconcellos & Tonhati, 1998; Tonhati et al., 2000) . A sound knowledge of the source of this variation is essential for the application of sound breeding and management practices. The objectives of this study were to determine the effects of some environmental factors on lactation period, calving interval, dry period and number of days open, and to estimate heritabilities, repeatabilities and genetic and phenotypic correlation coefficients between the above-mentioned traits.
Materials and Methods
Data for this study were obtained from a herd belonging to the Animal Production Research Institute of the Egyptian Ministry of Agriculture located in Mehallet Mousa, Kafr El-Sheikh Governorate. A total of 2505 records were collected between 1979 and 1992. Animals were fed Egyptian clover ad libitum from October to May and were supplemented with a concentrate mixture according to milk production. From June to September, animals were given a concentrate mixture with wheat or rice straw and a limited amount of hay when available. Heifers were bred for the first time at 24 months of age and the average age of cows was 6.3 years. Cows were usually served two months after calving by natural mating to sires that were chosen at random.
The data set was edited to exclude missing values. Records with missing parent identification data were included in the analysis. The editing procedure reduced the size of the data set to 1589 records, representing the performance of 544 cows and 87 sires. Data were classified according to cow, sire, dam, year of calving, season of calving and parity. Year was divided into two seasons, viz. winter (October to Data were analysed by least squares analysis with unequal subclass numbers using the PROC GLM procedure of SAS (1990 = the effect of the k th year of calving, e ijkl is the error term, assumed to be randomly and independently distributed with a mean equal to 0 and variance equal to σ 2 e.
All factors in the model except the error term were assumed to be fixed. Differences between means were evaluated using the Duncan Multiple Range Test (Steel & Torrie, 1980) . Subsequently, a multitrait repeatability animal model was fitted using the VCE 4.2.5 package of Groeneveld (1994 Groeneveld ( , 1997 and Groeneveld & Garcia Cortés (1998) . The model previously assumed was fitted to the same data with the inclusion of additive genetic and permanent environment as additional random effects. Repeatability estimates were obtained from the equation: t = (σ 
Results and Discussion
Mean squares for factors affecting lactation period, calving interval, dry period and number of days open are presented in Table 1 . Parity, season of calving and year of calving had an effect (P ≤ 0.01) on the traits studied. Regression equations of the four traits on parity number are presented in Table 2 , while least squares means for the four traits classified by season of calving and year of calving are shown in Table 3 . Lactation period was the shortest for the first parity and did not differ (P > 0.05) between the other parities. All traits were characterized by large coefficients of variation. The highest least squares mean for calving interval was recorded between the first and second parities and the lowest for the fifth parity. This differed (P ≤ 0.05) from the means of other parities.
Season of calving did not have any effect on lactation period (P > 0.05), but cows that calved in winter had longer calving intervals, longer dry periods and a greater number of days open than those that calved in summer (P < 0.01). No trend was evident for least squares means over years of calving for any of the traits studied. However, means for lactation period decreased from a maximum in 1979 to a minimum in 1984, after which they fluctuated between years. The longest calving interval and the greatest number of days open occurred in 1980. The shortest calving interval and the lowest number of days open occurred in 1992. The longest dry period was in 1985 and the shortest dry period was in 1979. The results of this study are in agreement with the findings of Mourad et al. (1989) , Shah (1990) , Khalil et al. (1991) , Ibrahim (1998) and Vasconcellos & Tonhati (1998) for different breeds of water buffalo. These workers reported that year of calving and parity had significant effects on lactation period, calving interval, dry period and number of days open. However, Afifi et al. (1992) reported that year of calving had no effect on calving interval in the Egyptian buffalo, although it affected the number of days open. In contrast Parakash et al. (1989) observed no effect of year of calving on calving interval, dry period and number of days open for Murrah buffalo. The results of this study are in agreement with those of Mourad et al. (1989) , Parakash et al. (1989) , Khalil et al. (1991) , Afifi et al. (1992) and Ibrahim (1998) who found that calving interval decreased with parity. Their results also indicated that least squares means of year of calving fluctuated considerably over years. Vasconcellos & Tonhati (1998) did not detect any distinct pattern for lactation period with year of calving or age in Murrah buffalo and attributed their results to the effect of herd management. On the other hand, they found that means for calving interval were homogenous across years studied. Heritabilities, repeatabilities, genetic correlations and phenotypic correlations are presented in Table  4 . Heritability estimates were low, and the highest heritability was 0.13 which was recorded for dry period. The only noteworthy repeatability estimates were those for lactation period and dry period (0.27). Genetic correlations between traits were positive, with the exception of that between lactation period and dry period. Phenotypic correlations were of medium magnitude and were greater than genetic correlations. All coefficients were positive, except that between lactation period and dry period. The highest correlation was between calving interval and number of days open (0.90).
The heritability estimates obtained in this study are in agreement with those reported by Mourad et al. (1989) , Parakash et al. (1989) , Khalil et al. (1991) , Afifi et al. (1992) , Penchev (1998) , Tiwana & Dhillon (1998) and Tonhati et al. (2000) for different breeds of buffaloes. They also reported low heritability estimates for lactation period, calving interval, dry period and number of days open. Genetic correlation estimates reported by these authors are also in agreement with those obtained in this study. However, they reported positive genetic correlations between lactation period and dry period. 
Conclusions
Poor reproductive efficiency was observed in the herd investigated in this study. The results indicated that the animals had short lactation periods, long calving intervals, long dry periods and a large number of days open. The very low heritability estimates coincided with low genetic correlations between traits and moderate phenotypic correlations. The permanent environmental component and repeatabilities were also relatively low. It was concluded that the traits studied were mostly influenced by non-genetic factors. There should be scope for reducing the length of the calving interval and days open in the current herd by means of selection, efficient management regimes and proper feeding.
